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Basis of the report 

a With regard to the language, the Inteniattonal search was carried out on the basis of the International application In the 
language In which It was filed, unless othenMse Indicated under this Item. 



the International search was canled out on the basis of a translation of the Intemadonal application furnished to this 
Authority (Rule 23.1(b)). 

b. With regarel to any nucleotide and/or amino add sequence disclosed In the International appOcatlon, the International search 
was carried out on the basis of the sequence listing : 

contained In the Intennatlonal application In written form, 
filed together with the Intemattonal appllcaUon In computer readable form, 
fumlshed subsequently to this Authority in written fonn. 
furnished subsequently to this Auttiorlty In computer readble form. 

the statement that the subsequently fumlshed written sequence listing does not go beyond ttie disclosure In ttie 
Intennattonal application as filed has been fumlshed. 

ttie stotsment ttial ttie Infomnatlon recorded In computer readable form is Wenfical to tt>e written sequence listing has been 
fumlshed 



□ 



□ 
□ 
□ 
□ 

□ 



I I Certain claims were found unsearchable (See Box I). 
I I Unity of invention is taddng (see Box 11). 



4. Wtth regard to the title, 

Pn ttie text Is approved as submftted by the applicant. 

I I ttie text has been established by ttilsAutttority to read as follows: 



5. With regard to ttie abstract, 

rX] ttie text Is approved as submitted by flie applicant. 

rn ttie text has been established, acooitling to Rule 38.2(b), by ttils Auttiortty as tt appeare In Box 

I — I wtthin one montti from ttie data of mailing of ttils International search report, submft comments to ttils Auttiortty. 



The figure of ttie drawings to be published witti the absbact Is Rgure No. 



[X] as suggested by ttie appUcant. □ None of ttie figures. 

I I because ttie applicant failed to suggest a figure. 
[ I because ttils figure better characterizes the Invention. 
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(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 

These annexes consist of a total of sheets. 
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I S Basis of the report 
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INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



International application No. PCT/US99/22478 



I. Basis of the report 

1 . This report has been drawn on the basis of (substitute sheets which have been furnished to the receiving Office in 
response to an invitation under Articie 14 are referred to in this report as "originaily filed" and are not annexed to 
the report since they do not contain amendments (Rules 70. 16 and 70. 1 7).): 
Description, pages: 

1-17 as originally filed 

Claims, No.: 

1-16 as originally filed 

Drawings, sheets: 

1/1 as originally filed 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless othenwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 
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□ the drawings, sheets: 

5. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 

6. Additional observations, if necessary: 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 



Novelty (N) 


Yes: 


Claims 


1-9, 11, 15-16 




No: 


Claims 


10, 12-14 


Inventive step (IS) 


Yes: 


Claims 






No: 


Claims 


1-9, 11. 15-16 


Industrial applicability (lA) 


Yes: 


Claims 


1-16 




No: 


Claims 





2. Citations and explanations 
see separate sheet 

VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 

VIII. Certain observations on the international application 

The following observations on the clarity of the claims, descnption, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 
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V. Novelty and inventive step 

Reference is made to the following documents: 
D1 . . . WO 98/1 9722 
D2 . . . US-A-5 501 795 

1 Document D1 discloses (claim 9) a filter device for processing a biological fluid 
comprising a housing having an inlet and an outlet and defining a fluid flow path 
between the inlet and the outlet, a filter disposed in the housing across the fluid 
flow path, the filter comprising a first filter element (intermediate membrane) 
comprising a porous fibrous leukocyte depletion medium and a second filter 
element (final membrane) comprising a porous membrane having a pore size of 
about 5 micrometers or less and disposed downstream of the first filter element, 
wherein the filter is arranged to allow plasma to pass there through and 
substantially prevent the passage of leukocytes there through. 

The only difference between the device disclosed in D1 and the subject-matter of 
claim 1 concerns the surface tension of the first filter element, which is not 
mentioned in D1 . 

First, it is not clear whether this parameter could be a novelty criterion (Guidelines 
lll-4.7a), especially since the description itself presents the surface treatment as 
an example (page 8 line 1 ). 

Second, the possible treatment is, as also disclosed in the description, already 
well-known for increase in efficiency. It has e.g. being extensively disclosed in 
document D2 (column 8 line 44 - column 9 line 35) for a leukocyte filter. Its 
inclusion in the device of D1 would be matter of normal design possibility. 
Third, the value 10 itself is described in document D2. 

The subject-matter of claim 1 , if novel, thus appears not to involve an inventive 
step (Article 33.3 PCT). 

2 Dependent claims 2-9 (see item VIII. 1 for claim 2) do not contain any features 
which, in combination with the features of any claim to which they refer, meet the 
requirements of the PCT in respect of inventive step. 
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claims 2-3: The inclusion of a red blood cell barrier in the first filter is matter 
of normal possibilities depending on the intended result: if the red cells cause 
problem, it is obvious to decide to remove them, and the inclusion of the 
barrier with the leukocyte depletion medium is the obvious possibility since 
combined filters are known (see the documents cited in the present 
description page 7 lines 32-34). 

claims 4, 5, 7, 8: The choice of such commercial first filter elements comes 
within the common practice (see the description or document WO 94/17894). 
- claim 6: The value of CWST does not bring any unforeseen advantages and 
is a simple choice within an available range. 

claim 9: The normal design of systems for processing blood is the insertion 
of the filter device between two containers. 

3 Document D1 discloses a method for processing a biological fluid comprising 
passing the fluid through a filter device comprising a filter including a fibrous 
leukocyte depletion medium and a membrane, and collecting the filtered fluid. 
This fluid has been subjected to centrifugation for obtaining the supernatant (page 
3 line 9). 

The subject-matter of claims 10, 12-14 thus is not novel (Article 33.2 PCT). 

4 The method of claim 1 1 (see however item VIII. 5) for a similar reason as in item 
V.2 is not novel or at least does not involve an inventive step (Article 33.3 PCT). 

5 The methods of claims 1 5 and 1 6 (see item VI 1 1. 6) directly derive from the device 
of claim 1 and as such do not involve an inventive step neither. 



VII. Other remarks 

1 Contrary to the requirements of Rule 5.1 (a)(ii) PCT, the relevant background art 
disclosed in e.g. the document D1 is not mentioned in the background of the 
invention described, nor is this document identified therein. 

2 The features of the claims are not provided with reference signs placed in 
parentheses (Rule 6.2(b) PCT). 
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3 The signification of "CWST" sliould have been specified at its first occurrence on 
page 3. 

4 The units "dynes", "inch" employed in claims 1, 2, 6 and on pages 3, 8, 13, 16 are 
not additionally expressed in terms of the units stipulated by Rule 10.1(a) PCT. 

5 The mention "incorporated by reference" (pages 1 and 17) is not accepted by all 
Examination Authorities and should have been deleted (Guidelines PCT, 11-4.17). 
Moreover, the first paragraph should have been deleted since it is unclear what it 
means, and the two last paragraphs should have been deleted since they appear 
to be superfluous (Guidelines PCT, lll-4.3a). 



VIII. Clarity 

1 Although claims 1 and 2 have been drafted as separate independent claims, they 
appear to relate effectively to the same subject-matter and to differ from each 
other only with regard to the definition of the subject-matter for which protection is 
sought: Claim 2 is identical to claim 3 and should have depended on claim 1 . 

Same can be said for independent claims 10, 1 1 , 12, 14, 15 which all relate to a 
method for processing a biological fluid. 

The aforementioned claims therefore lack conciseness. Moreover, lack of clarity of 
the claims as a whole arises, since the plurality of independent claims makes it 
difficult, if not impossible, to determine the matter for which protection is sought, 
and places an undue burden on others seeking to establish the extent of the 
protection. 

Hence, the claims do not meet the requirements of Article 6 PCT. 

2 Some of the features in the apparatus claims 1 and 2 relate to a method of using 
the apparatus rather than clearly defining the apparatus in terms of its technical 
features: "the filter is arranoed to ... there through". The intended limitations are 
therefore not clear from this claim, contrary to the requirements of Article 6 PCT. 
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3 The term "CWST" used in claims 1 , 2, 6 is unclear and leaves the reader in doubt 
as to the meaning of the technical feature to which it refers, thereby rendering the 
definition of the subject-matter of said claims unclear (Article 6 PCT). 

4 Claim 8 does not meet the requirements of Article 6 PCT in that the matter for 
which protection is sought is not clearly defined. The claim attempts to define the 
subject-matter only in terms of the result to be achieved which merely amounts to 
a statement of the underlying problem. The technical features necessary for 
achieving this result should be added. 

5 The last step of the method defined in claim 1 1 is unclear since it is supposed to 
collect a fluid substantially free of leukocytes whereas the fluid is passed through 
a fibrous red blood cell barrier medium. 

6 Claim 16 is unclear since it relates to the step of collecting a filter plasma-rich 
biological fluid which is substantially free of leukocytes and/or red blood cells 
(according to the claims on which claim 16 depends), which collection should 
comprise the step of passing a leukocyte-containino fluid through a filter. 

7 The mention to "the spirit of the invention" on page 17 implies that the subject- 
matter for which protection is sought may be different to that defined by the 
claims, thereby resulting in lack of clarity (Article 6 PCT) when used to interpret 
them (Guidelines PCT, lll-4.3a). 
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MEMBRANE AND METHODS OF PREPARING AND USING SAME 
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TECHNICAL FIELD OF THE INVENTION 
The present invention relates to a membrane suitable 
for use in immunodiagnostic assays and blotting assays 
and methods of preparing and using same. 

BACKGROUND OF THE INVENTION 
Membranes have become invaluable tools in both the 
clinical and experimental biotechnological arts. 
Specifically, membranes are integral to immunodiagnostic 
assays and a variety of blotting assays. However, 
currently available membranes possess qualities which 
limit their utility within the context of the foregoing 
applications . 

Immunodiagnostic assays are generally performed by 
applying a test liquid containing antigens to a porous 
membrane containing antibodies. As the test liquid 
laterally diffuses through the membrane, antibodies will 
bind antigens to which they are directed with a high 
degree of specificity. The binding of the antibodies to 
the antigens serves as a detection means (e.g., the 
visualization of the presence of antigens) , and the 
specificity with which antibodies bind to antigens allows 
for the determination of whether or not the test liquid 
contains specific antigens. Therefore, in 
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immunodiagnostic assays, the membrane desirably possesses 
optimal immunodi agnostic properties. In other words, it 
is desirable that the membrane allow for optimal lateral 
diffusion of the test liquid, allow for adequate 
5 visualization of the existence of antigens in the test 
liquid (i.e., the membrane is capable of a high signal- 
to-noise ratio) , allow for adequate protein binding, is 
hydrophilic, is capable of being uniformly manufactured 
in order to yield consistent results, and is safe to use. 

10 Similarly, in a blotting assay, a membrane is 

contacted with a fluid comprising biological molecules 
such that the biological molecules become fixed to the 
membrane. Biological molecules of interest are 
subsequently visualized. It is desirable that the 

15 membrane utilized within the context of blotting assays 
have optimal blotting properties. Specifically, it is 
desirable that the membrane allow for the adequate 
binding of biological molecules, allow for adequate 
visualization of the biological molecules of interest 

20 (i.e., the membrane is capable of a high signal-to-noise 
ratio) , is hydrophilic, is capable of being uniformly 
manufactured in order to yield consistent results, and is 
safe to use. However, unlike those membranes used in 
immunodi agnostic assays, blotting membranes need not 

25 allow for the lateral diffusion of biological molecules. 
In fact, for most blotting applications (e.g., southern 
blots, northern blots, western blots, and in situ 
hybridization of bacterial colonies) , lateral diffusion 
is undesirable. 

30 The most common types of membranes available for use 

in immunodiagnostic and blotting assays include 
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polyvinylidenef luoride, nylon, and cellulose-based 
membranes (e.g., nitrocellulose and cellulose acetate 
membranes) . Each of the membranes, however, possesses 
qualities which limit its utility in the foregoing 
5 applications. Nitrocellulose is prepared by the 
nitration of naturally occurring cellulose. During 
nitration, a broad distribution of heterogenous . 
oligomeric and polymeric nitrated products is produced as 
a consequence of the partial acid digestion of cellulose. 

10 Exacerbating the problem is the fact that the purity of 

the cellulose starting material depends on its source and 
pre-nitration treatment. As a result, uniformity in the 
manufacture of nitrocellulose membranes is difficult to 
achieve. For similar reasons, it is also difficult to 

15 achieve uniformity in the manufacture of other cellulosic 
membranes, such as cellulose acetate membranes. 
Furthermore, nitrocellulose membranes present numerous 
laboratory safety concerns by virtue of their 
flammability and explosiveness . Cellulose acetate and 

2 0 nitrocellulose membranes are also disadvantageous in that 
such membranes are very brittle, easily broken, and 
difficult to wet. 

Nylon and polyvinylidenef luoride membranes also have 
disadvantages associated with their use within the 

25 context of the foregoing applications. Nylon membranes 
strongly bind biological molecules and, consequently, 
have low signal-to-noise ratios. Polyvinylidenef luoride 
and other synthetic polymeric membranes cannot be used in 
applications where surface activity, which facilitates 

30 the binding of biological molecules, is necessary or 
where high lateral flow rates are necessary. 
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In view of the foregoing problems, there exists a 
need for membranes which can be used more effectively in 
immunodiagnostic and blotting assays. The present 
invention provides such a membrane and methods for the 
5 preparation thereof . These and other advantages of the 
present invention, as well as additional inventive 
features, will be apparent from the description of the 
invention provided herein. 

10 BRIEF SUMMARY OF THE INVENTION 

The present invention provides a membrane comprising 
(a) polymer solids comprising 60 wt . % or more of a fully 
synthetic organic polymer and optionally about 40 wt.% or 
less of a polymer of natural origin and (b) a cellulose 
15 compound which allows for the detection of a biological 
molecule of interest, wherein the cellulose compound is 
uniformly distributed throughout the surface of the 
membrane . 

The present invention also provides methods of 
20 preparing such membranes. Specifically provided is a 

method of preparing a membrane comprising (a) selecting a 
base membrane comprising polymer solids, the polymer 
solids comprising 60 wt.% or more of a fully synthetic 
organic polymer and optionally about 40 wt.% or less of a 
25 polymer of natural origin, and (b) uniformly coating the 
base membrane with a coating solution, the coating 
solution comprising a cellulose compound which allows for 
the detection of a biological molecule of interest and a 
cellulose dissolving agent which is a solvent for the 
3 0 cellulose compound and is a non- solvent for the base 
membrane, to provide a membrane wherein the cellulose 
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compound is uniformly distributed throughout the surface 
of the membrane. Also provided is a method of preparing 
a membrane comprising (a) admixing (i) polymer solids 
comprising 60 wt.% or more of a fully synthetic organic 
5 polymer and optionally about 40 wt.% or less of a polymer 
of natural origin and (ii) a cellulose compound, and (b) 
casting the admixture of step (a) to prepare a membrane 
wherein the cellulose compound is uniformly distributed 
throughout the surface of the membrane. 

10 The present invention also provides a method of 

using a membrane to detect a biological molecule of 
interest comprising (a) contacting the membrane with a 
fluid comprising the biological molecule of interest and 
(b) detecting the biological molecule of interest on the 

15 membrane. Further provided is an immunodiagnostic assay 
kit comprising a membrane and a means for detecting a 
biological molecule of interest. Also provided is a 
blotting assay kit comprising a membrane and a blotting 
solution. 

20 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The invention may best be understood with reference to 
the following detailed description of the preferred 
embodiments. The present invention provides a membrane as 

25 well as methods for the preparation thereof. The present 
inventive membrane comprises (a) polymer solids 
comprising 60 wt.% or more of a fully synthetic organic 
polymer and optionally about 40 wt.% or less of a polymer 
of natural origin and (b) a cellulose compound which 

3 0 allows for the detection of a biological molecule of 
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interest, wherein the cellulose compound is uniformly 
distributed throughout the surface of the membrane. 

The first present inventive method of preparing a 
membrane comprises (a) selecting a base membrane 
5 comprising polymer solids, the polymer solids comprising 
60 wt.% or more of a fully synthetic organic polymer and 
optionally about 40 wt.% or less of a polymer of natural 
origin, and (b) uniformly coating the base membrane with 
a coating solution, the coating solution comprising a 
10 cellulose compound which allows for the detection of a 
biological molecule of interest and a cellulose 
dissolving agent which is a solvent for the cellulose 
compound and is a non- solvent for the base membrane, to 
provide a membrane wherein the cellulose compound is 
15 uniformly distributed throughout the surface of the 
membrane. The second present inventive method of 
preparing a membrane comprises (a) admixing (i) polymer 
solids comprising 60 wt.% or more of a fully synthetic 
organic polymer and optionally about 40 wt.% or less of a 
20 polymer of natural origin and (ii) a cellulose compound, 
and (b) casting the admixture of step (a) to prepare a 
membrane wherein the cellulose compound is uniformly 
distributed throughout the surface of the membrane. 



25 Polymer Solids 

The polymer solids comprise a fully synthetic 
organic polymer and optionally a polymer of natural 
origin. The polymer solids preferably comprise 60 wt.% 
or more of a fully synthetic organic polymer and 

30 optionally about 40 wt.% or less of a polymer of natural 
origin; more preferably, 80 wt.% or more of a fully 
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synthetic organic polymer and about 20 wt.% or less of a 
polymer of natural origin; even more preferably, 90 wt.% 
or more of a fully synthetic organic polymer and about 10 
wt,% or less of a polymer of natural origin; and most 
5 preferably, 100 wt.% of a fully synthetic organic polymer 
(i.e., with no or substantially no polymer of natural 
origin) . 

The use of fully synthetic organic polymers within 
the context of the present invention provides an 

10 advantage over existing membranes consisting only of 
polymers of cellulose compounds and their derivatives. 
The use of fully synthetic organic polymers allows for 
enhanced uniformity in the preparation of the membranes, 
yielding more uniform experimental results, and reduces 

15 the hazards associated with membranes consisting only of 
polymers of cellulose .compounds and their derivatives. 
While any suitable fully synthetic organic polymer can be 
used within the context of the present invention, 
preferred fully synthetic organic polymers include 

20 polyethersulfones; polysulf ones ; polyamides, including 
polyarylamides ( ar amides ) ; polyetheramides ; polyacetals; 
polyacrylonitrile and acrylonitrile copolymers such as 
poly (styrene/acrylonitrile) ; polyarylenesulf ides; 
polyetherimides; polyetherketones, polyetheretherketones, 

25 and polyarylene (ether) ketone variants; polyimides; 

polyesters; polycarbonates; polyacrylates, including 
polymethacrylates, polyalkylacrylates , and the like; 
polystyrene; polyolefin homopolymers and copolymers such 
as polyethylene, polypropylene, polybutylene, and the 

30 like; halogenated polyolefins such as polyvinylchloride, 
polyvinylidene fluoride, polytetraf luoroethylene, and the 
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like; thermoplastic polyurethanes; and combinations 
thereof. More preferably, the fully synthetic organic 
polymer is a polyethersulf one, polysulfone, polyamide, 
polyolefin, polyimide, halogenated polyolefin, or a 

combination thereof. 

"Synthetic" polymers which are derived from chemical 
modification of naturally occurring substances are not 
"fully synthetic polymers" as that term is defined 
herein. Examples of such polymers of natural origin 
include nitrocellulose, cellulose acetate, higher 
acetylated cellulose products such as cellulose 
triacetate, cellulose propionate, cellulose butyrate, 
cellulose xanthate, and the like, as well as combinations 
thereof . 



15 



R-inlnaical M olecule 

As used herein, the term "biological molecule" 
includes any peptide, protein, nucleic acid, derivative 
thereof, or combination thereof. While the biological 

20 molecule of interest can be any peptide, protein, nucleic 
acid, derivative thereof, or combination thereof, the 
biological molecule of interest is preferably a protein, 
nucleic acid, or a protein-nucleic acid fusion molecule; 
more preferably, the biological molecule of interest is a 

25 protein, DNA, or RNA. 

rp.llulosp Compound 

The cellulose compound utilized within the context 
of the present invention serves many functions. As 
30 previously stated, in order for a membrane to be used 
effectively in an immunodiagnostic or a blotting assay. 
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the membrane -s immunodiagnostic or blotting properties 
desirably are optimized. The membrane's signal-to-noise 
ratio desirably is such that the signal being emitted by 
the means for detecting the biological molecule of 
5 interest can be adequately detected, e.g., visualized. 
To that end, the cellulose compound can serve to reduce 
the binding of biological molecules not of interest while 
maintaining an acceptable level of binding of the 
biological molecule of interest. Such can be 
10 accomplished by exploiting the different binding 

constants that biological molecules have with respect to 
various cellulose compounds. For example, the use of 
cellulose compounds to reduce membrane adsorbability of 
proteins is well known in the art. See, generally, U.S. 
15 Patent 4,968.533 (Gsell) . Furthermore, it is well known 
in the art that membranes which exhibit reduced protein 
adsorbability are even less able to adsorb nucleic acids. 
Also, the cellulose compound can serve to enhance the 
growth of microorganisms on the membrane when such a 
20 capability is desired. See, generally, U.S. Patent 
5,595,893 (Pometto, III et al . ) . 

While any suitable cellulose compound, and 
derivative thereof, can be used within the context of the 
present invention, preferred cellulose compounds include 
25 nitrocellulose, ether derivatives of cellulose, ester 
derivatives of cellulose, xanthate derivatives of 
cellulose, and combinations thereof. Preferably, the 
ether derivative of cellulose is methylcellulose, 
carboxylated alkyl cellulose, or hydroxyalkylcellulose . 
30 A preferred hydroxyalkylcellulose is 

hydroxypropylcellulose. The preferred ester derivative 
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Of cellulose is cellulose acetate, and, preferably, the 
xanthate derivative of cellulose is rayon, cellophane, or 
viscose. More preferably, the cellulose compound is a 
blend of nitrocellulose and a cellulose derivative 
5 selected from the group consisting of an ether derivative 
of cellulose, an ester derivative of cellulose, a 
xanthate derivative of cellulose, and combinations 
thereof . 

When nitrocellulose is used as either the polymer of 

10 natural origin and/or the cellulose compound, either 
alone or in combination with other polymers of natural 
origin and/or cellulose compounds, the nitrocellulose 
desirably is highly purified and, preferably, has a 
degree of nitration of from about 5% to about 14%; more 

15 preferably, the degree of nitration is from about 8% to 
about 12%; even more preferably, the degree of nitration 
is from about 11% to about 12%; and most preferably, the 
degree of nitration is from 11.3% to 11.8%. Furthermore, 
the nitrocellulose preferably has a viscosity of about 18 

20 to about 45 cps; more preferably, the nitrocellulose has 
a viscosity of about 30 to about 35 cps, as measured by 
standard methods in a combined ethanol, toluene, ethyl 
acetate solvent. Lower viscosity nitrocellulose appears 
to provide superior membranes; however, nitrocellulose in 

25 the 30-35 cps range shows little difference over less 
viscous nitrocellulose and is more readily available. 

It is desirable to minimize the amount of cellulose 
compound incorporated into the present inventive membrane 
in order to minimize the hazards associated therewith, 

30 but such a consideration must be viewed in light of the 
desire to produce a membrane with desirable 
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iitimunodiagnostic and/or blotting properties, which 
necessarily requires the use of a cellulose compound. 
Thus, the cellulose compound is preferably incorporated 
into the membrane in a quantity minimally required to 
5 realize desirable immunodiagnostic and/or blotting 

properties. In other words, the cellulose compound is 
preferably incorporated into the membrane in a quantity 
which is minimally required to realize an adequate 
signal-to-noise ratio (e.g.. up to 1 wt.% based on the 
10 overall weight of the membrane) . Therefore, for example, 
the constituents of a membrane can constitute 1 wt.% of a 
cellulose compound (e.g., nitrocellulose) and 99 wt.% of 
a 90:10 mixture of a fully synthetic organic polymer 
(e.g., polyethersulfone) and a polymer of natural origin 
15 (e.g., cellulose triacetate) , respectively. 

Alternatively, the membrane can constitute up to 2 wt.%, 
up to 5 wt.%, or up to 10 wt.%, or even more, cellulose 
compound based on the weight of the membrane. 

Not only is the quantity of the cellulose compound a 
20 significant consideration, but so too is the way in which 
the cellulose compound is distributed in the membrane. 
While the cellulose compound can be distributed 
throughout the surface of the membrane in any suitable 
way, preferably, it is uniformly or substantially 
25 uniformly distributed throughout the surface of the 

membrane. Uniform distribution is important because if 
the cellulose compound is non-uniformly distributed 
throughout the membrane, the localized concentration of 
the cellulose compound will vary throughout the surface 
30 of the membrane, and, consequently, the immunodiagnostic 
and/or blotting properties of the membrane will be non- 
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uniform, thereby adversely affecting performance. The 
distribution of the cellulose compound throughout the 
surface of the membrane can be such that the cellulose 
compound completely or substantially covers the entire 
5 surface of the membrane. 

The cellulose compound can be a coating on the 
surface of the membrane, applied ex situ to an already 
formed membrane comprising the polymer solids. The 
cellulose compound also can be in admixture (i.e., form a 

10 blend) with the polymer solids from which a membrane 
comprising the admixture is formed by otherwise 
conventional methods (i.e., the cellulose compound is 
distributed in situ) . Alternatively, the cellulose 
compound can be both a coating on the membrane and in 

15 admixture with the polymer solids forming the membrane. 
Also, the cellulose compound should be distributed in a 
quantity sufficient and in such a way so as to cause the 
cellulose compound to reside throughout the surface of 
the membrane, both on external surfaces and, if the 

20 membrane is porous, internal surfaces. 



Membrane 

The present inventive membrane can be either porous 
or non-porous. Whether the present inventive membrane is 

25 porous or non-porous is dictated by the context in which 
the membrane is to be used, e.g., by the sensitivity of 
the means used to detect the biological molecule of 
interest. For blotting assays which utilize more 
sensitive detection means, the membrane need not be 

30 porous because the biological molecule of interest can be 
fixed at the surface of the membrane in a quantity 
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sufficient to allow detection. For blotting assays which 
utilize less sensitive detection means, it is generally 
preferred that the membrane be porous to allow for a 
larger quantity of biological molecules to be fixed to 
5 the membrane and consequently detected, e.g., to allow 
for the visualization of the less sensitive detection 
means. The desired pore rating of the membrane is a 
function of the size of the biological molecule that is 
being detected as well as the size of the detecting means 
10 (e.g., a radiolabeled oligonucleotide, an antibody, 

etc.) . Preferably, the pore rating of the membrane is in 
the range of 0.1 Hm - 20 |am; more preferably, the pore 
rating is in the range of 1 ^m - 10 nm; even more 
preferably, the pore rating is in the range of 2 ^m - 7 
15 ^m,• and most preferably, the pore rating is in the range 
of 3 nm - 6 ^m. It should be noted that when a porous 
membrane is desired, no coating thereof should act to 
significantly block the pores of the membrane. However, 
whereas a membrane used within the context of a blotting 
20 assay may or may not be porous, depending on 

considerations such as the sensitivity of the detection 
means, it is undesirable that such a membrane allow for 
the lateral diffusion of biological molecules. In 
contrast, membranes used within the context of 
25 immunodiagnostic assays desirably allow for the lateral 
diffusion of biological molecules. 

The membrane also can comprise a hydrophilic 
compound such that the surface of said membrane is 
hydrophilic. Like the cellulose compound, the 
30 hydrophilic compound can exist as a coating on the 
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mettibrane when the ex situ process for membrane formation 
is utilized; the hydrophilic compound can be in admixture 
with the polymer solids from which a membrane comprising 
the admixture is formed by traditional methods (i.e., the 
5 in situ process) ; or alternatively the hydrophilic 

compound can be both a coating on the membrane and in 
admixture with the polymer solids of the membrane. For 
purposes of economy in membrane preparation, it is 
preferred that, when the ex situ process is utilized to 
10 prepare the present inventive membrane, the coating 

solution comprising the cellulose compound should further 
comprise the hydrophilic compound. While any suitable 
hydrophilic compound can be utilized within the context 
of the present inventive membrane, preferred hydrophilic 
15 compounds include surfactants and polymeric wetting 
agents. Preferably, the surfactant is ionic; more 
preferably, the surfactant is anionic; even more 
preferably, the surfactant is a monodentate sulfonate 
and/or an alpha olefin sulfonate surfactant; and most 
20 preferably, the surfactant is Bioterge AS-40, 

manufactured by Stepan Co. The polymeric wetting agent 
is preferably a polyquaternary amine, and the preferred 
polyquaternary amines are those described in U.S. Patent 
5,021,160 (Wolpert) as a copolymer of 2-acrylamido-2- 
25 methyl-l-propanesulfonic acid (AMPS) and either N- 

(isobutoxymethyl)acrylamide (IBMA) or 2 -hydroxy ethyl 

methacrylate (HEMA) . 

Furthermore, following formation of the membrane, 
the membrane can be further modified in any suitable way 
30 in accordance with its intended use. In other words, the 
membrane's immunodiagnostic and/or blotting properties 
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can be enhanced via modification of the membrane. For 
example, within the context of an immunodiagnostic assay, 
the signal-to-noise ratio of the membrane can be enhanced 
by attaching, to the membrane, any suitable detecting 
5 agent (e.g., antibodies which fluoresce upon binding 
specific antigens) . Methods for attaching acceptor 
molecules (e.g., antibodies) to membranes are well known 
in the art. See, generally, U.S. Patent 4,886,836 (Gsell 
et al.) . in addition, the membrane can be cut into a 
10 particular size and/or shape or placed in housings 
suitable for its intended use. 

The membrane can be supported or unsupported. If it 
is desired that the membrane be supported, any suitable 
support can be used within the context of the present 
15 invention, e.g., a woven or non-woven support. 

M^t-horlg nf p-roparation 

AS previously stated, the present invention provides 
two methods of preparing membranes: (1) ex situ 
20 preparation whereby a coating is applied ex situ to a 
pre-formed base membrane comprising the polymer solids 
and (2) in situ preparation whereby the cellulose 
compound is admixed with the polymer solids and the 
admixture is used to prepare the membrane. 
25 When utilizing the ex situ preparative method, a 

membrane is prepared by selecting a pre-formed base 
n>embrane comprising the polymer solids and then uniformly 
coating the base membrane with a coating solution that 
comprises the cellulose compound and a cellulose 
30 dissolving agent. 
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The celluloee dissolving agent is a solvent with 
.espect to the cellulose co^ound hut is a non-solvent 
„ith respect to the selected pre-<or^d hase .e*rane. 
By -non-solvent, it is ^ant that the cellulose 

. i» .Ither a poor solvent with respect to 
5 dissolving agent is either a p 

the pre-£on.ea base me*rane, or, alternatively, a 
solvit Which has absolutely no e«ect on the per.or^nce 
o£ the hase .en^rane.. A poor solvent is one which »ay 
cause the hase »e^rane to swell hut not dissolve or one 
xo Which, under the process conditions (e.g., solvent 
concentration, ti^ of contact, temperature, etc^ , 
causes no significant or substantial a^unt of the base 
„e*rane to dissolve.- -The cellulose dissolving agent 
..ed within the content o£ the present invention is 
,s Chosen so that the perfonnance of the base -eu^rane is 

^ ^ effected, while any 

not significantly or substantially effected 

suitable cellulose dissolving agent can be used wi hih 
the context of the present invention, preferred cellulose 
dissolving agents include .ethylacetate and 
,0 The concentration of cellulose compound dissolved m the 
cellulose dissolving agent should be such that, if the 
„e to be coated is porous, the cellulose compound 
will not substantially obscure the pores. Preferably the 
concentration of cellulose compound in the coating 

n 1 wt % to about 5 wt.%i more 
25 solution is from about 0.1 wt.. c 

»Kn„t 0 2 wt % to about 2 wt.%,- and most 
preferably, from about O.i wc. 

preferably, from about 0.3 wt.* to about 1 wt.%. 

;,£ter the base membrane is uniformly coated with the 
coating solution, the coating is cured by any suitable 
30 method, e.g., traditional methods well .no«> in the art. 
It is important to note that the coating solution can 
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contain other .«terial= which ™ay enhance the propert.es 
o£ the ms*rane. For exar«ple, the coating solution can 
contain a hydrophilic compound which renders the 
resulting ™e*rane hydrophilic, as previously discussed. 
5 When utilising the in situ preparative method, a 

me^rane is prepared by selecting polymer solids and 
admixing the poller solids with the cellulose compound 
such that the cellulose compound is uniformly distributed 
throughout the surface of the resulting membrane. After 
LO admixing the cellulose compound with the polymer sol.ds, 
the membrane is formed through any suitable method, e.g., 
conventional methods which are well known in the art, 
particularly through a coating process. 5ee, generally 
B s patent 4,707,266. Of course, the membrane prepared 
15 by the in situ preparative method can be utilized as a 
base men^rane in the e. situ preparative method where.n 
it may undergo coating. Furthermore, the admixture can 
oontain other materials which may enhance the properties 
of the membrane. For example, the admixture can contarn 
20 a hydrophilic compound which renders the membrane 
hydrophilic, as previously discussed. 

Methods for forming membranes, whether by virtue of 
the ex situ or in situ process, are well known in the 
art such methods for membrane formation include but are 
25 not limited to irradiative polymerization of unsaturated 
monomers in a solvent in which the monomer is soluble but 
the polymer is not, as disclosed in U.S. Patent 
4,466,931, graft-polymerization to form a gel followed by 
.hearing to form a thixotropic mixture which may be cast 
30 to form a membrane, as disclosed in U.S. Patent 

4,374,232; thermally Induced precipitation, membrane 
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coagulation due to solvent leaching, as disclosed in EP 
0 036 947; membrane coagulation in a humid atmosphere, as 
illustrated by U.S. Patents 4,900,499. 4,964,490, and 
5 108,607; and membrane casting, as disclosed xn U.S. 
5 pltents 3,876,738, 4,340,479, 4,473,474, 4.673.504, 

^ ^ 711 793 Other patents and publications 
4,708,803, and 4,711,793. utixe 

Which illustrate the preparation of me-nbranes include 
US patent 4,629,563, KP 0 036 315, EP0 037 1S5, EP 
o'l65 077, DE 26 51 S18, DB 28 29 630, DE 33 27 638, DE 

c^-j PR 1 295 585, GB 1 473 857, and 
10 33 42 824, DE 37 01 633, GB 1 ^yb aoo, 

GB 1 495 887. 

in either the ex situ or in situ process, the 
membrane produced therefrom can be supported on a 
suitable support, e.g., a woven or non-woven support. 
,5 For ex situ membranes, the finished membrane can be 

laminated to a support by any suitable means, e.g., by 
way Of direct thermal lamination or by way of a suitable 
adhesive. For in situ met^ranes. the membrane can be 
cast on the desired support. It is important that if a 
20 porous men^rane is desired, then the means used to attach 
the support to the merrO^rane not cause the men^rane to 
significantly lose its porosity. 

Both the ex situ and in situ preparative methods can 
further comprise steps involving the recovery of a 

A -v,« i-pcstina of the immunodiagnostic and/or 
membrane and the testing oi 

blotting properties o£ the recovered n,e*rane such that 
the preparative i^ethod can be adjusted or optimised in 
response to the test's results in order to alter or 
enhance the io-unodiagnostic and/or blotting propert.es 

the membrane. In other words, the preparative method 
can include a feedback mechanism whereby the membrane's 
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i^^nodiagnctio and/or blotting properties are tested 
and, in response to the test's results, the process 
conditions of the preparative method are adjusted so as 

V, =r,= wil-h altered or enhanced properties, 
to yield a menibrane witn axcei.«=u 

AS previously stated, optimal invmunodiagnostic 
and/or blotting properties include a .embrane-s ability 
to be safely used in a laboratory environment (e.g., the 
.en^rane is not f lanunable or explosive) , its ability to 
be uniformly manufactured in order to yield consistent 
, experimental results, its hydrophilicity , and its ability 
to strongly bind biological molecules of interest while 
weakly binding biological molecules not of interest 
(i.e., the membrane is capable of a high signal- to-noise 
ratio) Therefore, any membrane prepared by the 
5 foregoing preparative methods can be tested for its 
immunodiagnostic and/or blotting properties, and the 
process conditions of the preparative method can be 
adjusted in response to the test so as to enhance or 
otherwise alter the immunodiagnostic and/or blotting 
,0 properties of the membrane produced therefrom. 

The suitability of the present inventive membranes for 
any particular immunoassay and/or blotting method, of 
course, is determined on a case by case basis. Such 
testing is routine to those skilled in the art and is 
25 practiced, for example, for each immunodiagnostic and/or 

blotting product both prior to cotronercialization as well as 
for quality control during production. 



|^[e.^V.nr1p of USe 

The present inventive menO^rane can be used within 
the context of any application where it is desired to 
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detect a biological molecule of interest. While the 
men^rane can be used in any suitable way, preferably, the 
n^ethod for using the present inventive tnen^rane comprxses 
(a) contacting the membrane with a fluid comprising the 
5 biological molecule of interest and (b) detecting the 
biological molecule of interest on the membrane. 
Alternatively, the method comprises (a) contacting the 
membrane with a fluid comprising the biological molecule 
of interest, (b) allowing the fluid to laterally diffuse 
10 through the membrane, and (c) detecting the biological 
molecule of interest on the membrane. 

immm--^-^"-''^'- ^-^d Plnrt-iTiq Assay Kits 

Another embodiment of the present invention is a kxt 
15 Which can be used for immunodiagnostic and/or blotting 

assays . 

The immunodiagnostic assay kit comprises a membrane 
and a means for detecting a biological molecule of 
interest. While any suitable detection means can be 
20 utilized within the context of the present invention, the 
detection means is preferably a dye, an interchelating 
agent, a fluorescent probe, or a radioactive probe. 

The blotting assay kit comprises a membrane and a 
blotting solution. While the blotting solution can be 
25 any solution utilized within the context of a blotting 

assay, the blotting solution is preferably a pH-buffering 
solution or a solution with a specific ionic 
concentration. 
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EXAMPLES 

The following examples further illustrate the present 
invention but, of course, should not be construed as in any 
way limiting its scope. 
5 in Exanples 1-4, a commercially available, 

hydrophilic, polyethersulfone, microporous membrane having 
a nominal pore size of 5 ^m, available from Gelman 
sciences, Inc., as Supor® 5000, was used to prepare several 
lateral flow microporous membranes suitable for use in 
10 immunoassays. The me.a>rane, in each case, was used dry. 



A coating solution of nitrocellulose was prepared at 
room temperature. Hercules RS and SS nitrocellulose 
3.5 resins (5 g) having degrees of nitration of 12% and 11%, 
respectively, were mixed with methylacetate (995 g) to 
yield a coating solution with an average degree of 
nitration between 11.3% and 11.8%. The mixture was 
agitated for 4 hours, and a clear solution was obtaxned. 
20 samples of dry, hydrophilic, polyethersulfone membrane 
with a 5 m nominal pore rating were dipped into the 
coating solution and allowed to dry at room temperature. 
The meu^ranes were stored at room temperature for use xn 
Example 3 . 

25 

Kxam ple 2 

A coating solution of nitrocellulose (5 g) and 
methanol (995 g) was prepared at room temperature. The 

o =rT-l fated for 4 hours, and a clear solution 
mixture was agitatea zol t "i--" > 

30 was obtained. Samples of dry, hydrophilic, 

polyethersulfone merrtorane with a 5 ^m nominal pore rating 
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were dipped into the coating solution and allowed to dry at 
room temperature. The membranes were stored at room 
temperature for use in Example 3 . 

5 F.-x:ample 3. 

Bioterge AS-40 (1 g) (available from Stepan Co.) was 
mixed with deionized water (999 g) , and the mixture was 
agitated for 4 hours. A clear, slightly yellow solution 
was obtained. Samples of the meirtoranes prepared in 
10 Examples 1 and 2 were dipped into the solution and dried at 
60 °F (15.6 °C) for 1 hour. The membranes were hydrophilic 
after treatment and were stored at room temperature as 
suitable for use in immunodiagnostic assays. 

15 Example 4 

A solution of Bioterge AS-40 (1 g) , nitrocellulose (5 
g), and methanol (994 g) was prepared. Samples of dry, 
hydrophilic, polyethersulfone membranes with a 5 urn nominal 
pore rating were dipped into the solution and allowed to 

20 dry at room tenperature. The membranes were stored at room 
temperature and were suitable for use in immunodiagnostic 
assays . 
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Example 5 

This example illustrates in situ membrane formation. 
An admixture was prepared by dissolving 6.8 wt.% 
polyethersulfone polymer in 9.4 wt.% dimethylf ormamide, 
65.8 wt.% polyethylene glycol 400, 0.4 wt.% 
polyvinylpyrollidone K90, 9.8 wt.% N-methylpyrollidone , and 
1.6 wt.% Aquazol 500 (available from Polymer Chemistry 
innovations), to which was added 0.2 wt.% nitrocellulose 
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and 0.2 wt.% Bioterge AS-40. The balance of the admixture 
was water. The admixture was applied to a glass plate at a 
thickness of about 18 mil (457.2 nm) and placed in a low 
air velocity humid environment until the coitposition became 
5 cloudy. The resulting membrane was then dried in air to 
form a membrane with a 5 im nominal pore rating. The 
membrane was dipped in surfactant and dried to form a 
hydrophilic membrane suitable for immunoassay use. 

10 R-xram ple 6 

A microporous lateral flow membrane as prepared in 
Exattple 4 was compared to a commercial nitrocellulose 
membrane of similar pore size (available from Millipore 
corp., Bedford, MA). The test protocol utilized rabbit IgG 
15 antigen, mouse anti-rabbit IgG conjugate, mouse anti-rabbit 
IgG (y-specific) as a capture line, and goat anti-mouse IgG 
as a control line, as previously indicated. 

in the test protocol utilized in the present exan^)le, 
colloidal gold conjugates, such as those disclosed in 
EP 0 250 137 were utilized. The gold colloids were 
prepared by adding 4 ml of 1% gold chloride to 200 ml 
boiling water to which was added 12 ml of 1% trisodium 
citrate. The solution was mixed well. The gold colloid 
thus produced contained 30-40 nm gold beads which displayed 
25 a wine-red color. The colloid can be stored in the dark at 
room temperature. 

TO prepare the gold conjugate, 1 ml of colloidal gold 

was added to a microcentrifuge tube, and 25 ^1 of 1 mg/ml 
dialyzed mouse anti-rabbit IgG (Pierce 31213) and 100 ^ of 
30 20 mM borax solution were added and left to stand for 1 
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hour at room temperature. Next, 100 of 1% BSA/20 m 
borax solution is added to the tube, at which time the tube 
was centrifuged at 15k for 50 minutes. The supernatant was 
withdrawn, and the pellet was resuspended in 1 ml of 0.1% 
5 BSA/2 mM borax buffer. The suspension was again 

centrifuged, and the obtained pellet was resuspended in 250 
m of the buffer solution. The gold- conjugated antibody 

was stored at 4 °C prior to use. 

The gold conjugated antibody was diluted 1:4 with 100 
10 n,M Tris pH=7 containing 10% BSA, 0.1% TVeen 20, and 10% 
sucrose, and applied to a glass conjugate pad by dipping, 
followed by drying at 58 °C for 30 minutes. I^e membranes 
to be tested were sprayed with the appropriate solutions 
with the control line and test line set at 0.5 mm line 
15 width and sprayed twice at a loading of 0.2 m/cm. -me 
assembled strip constituted, in linear order, a sample 
application pad, a conjugate pad with mouse anti-rabbit IgG 
conjugate, a membrane having both a test line (mouse anti- 
rabbit IgG (Y-specific)/l mg/ml) and a control line (goat 
20 anti-mouse IgG (2 mg/ml), and an absorption pad. 

Samples of 200 m of rabbit IgG antigen were applied 
to the sample application pad and allowed to migrate 
through the conjugate pad and into the membrane. The 
antigen was detected at the test line of the membrane. The 
25 results are presented in the table below: 
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Membrane 


Reaction Time 
(Minutes) 


Sensitivity 


Signal 
Appearance 


Present 
Invention 


2.5 


50 ng/mi 


Good 


Comparative 


3.0 50 ng/ml 


Good 



The results indicate that the present inventive 
membrane exhibited a faster response time than the 
nitrocellulose-based membrane while being equivalent in 
5 sensitivity and signal appearance. In addition, the 

present inventive membrane was far stronger and far less 
flammable. 

All Of the references cited herein, including patents, 
10 patent applications, and publications, are hereby 
incorporated in their entireties by reference. 

While this invention has been described with an 
emphasis upon preferred embodiments, it will be obvious to 
those of ordinary skill in the art that variations of the 
15 preferred embodiments may be used and that it is intended 
that the invention may be practiced otherwise than as 
specifically described herein. Accordingly, this invention 
includes all modifications encompassed within the spirit 
and scope of the invention as defined by the following 
2 0 claims. 
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WHAT IS CLAIMED IS: 

1 A membrane comprising (a) polymer solids 
comprising 60 wt.% or more of a fully synthetic organic 
polymer and optionally about 40 wt.% or less of a polymer 
of natural origin and (b) a cellulose compound whxch 
allows for the detection of a biological molecule of 
interest, wherein said cellulose compound is uniformly 
distributed throughout the surface of said membrane. 

2 The membrane of claim 1, wherein said polymer 
solids comprise 80 wt.% or more of a fully synthetic 
organic polymer and optionally about 20 wt.% or less of a 
polymer of natural origin. 

3. The membrane of claim 2. wherein said cellulose 
compound is nitrocellulose. 

4. The membrane of claim 3, wherein said membrane 
20 has a pore rating of about 0.1-20 ^m. 

.5. The membrane of claim 3 or 4, wherein said 
nitrocellulose is a coating on the surface of said 
membrane . 

6 The membrane of claim 3 or 4, wherein said 
nitrocellulose is in admixture with said polymer solids. 

7 The membrane of any of claims 1-6. further 

30 comprising a hydrophilic compound such that the surface 
of said membrane is hydrophilic. 
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8. The metone of claim 7, wherein said 
hydrophilic compound is a surfactant. 



5 9 The membrane of claim l, wherein said cellulose 

compound is a blend of nitrocellulose and a cellulose 
derivative selected from the group consisting of an ether 
derivative of cellulose, an ester derivative of 
cellulose, a xanthate derivative of cellulose, and 

10 combinations thereof. 

10 The membrane of claim 9, wherein said ether 
derivative of cellulose is selected from the group 
consisting of methylcellulose, carboxylated alkyl 
15 cellulose, and hydroxyalkylcellulose, said ester 

derivative of cellulose is cellulose acetate, and saxd 
xanthate derivative of cellulose is selected from the 
group consisting of rayon, cellophane, and viscose. 

20 11. The membrane of claim 10, wherein said 

hydroxyalkylcellulose is hydroxypropylcellulose . 

^ r-ia-im 9 wherein said cellulose 

12 The membrane of claim y, wiiei.= 

compound is a coating on the surface of said membrane. 

13 The membrane of claim 9, wherein said fully 
synthetic organic polymer is selected from the group 
consisting of polyethersulf one, polysulfone, polyamide, 
polyolefin, polyimide, halogenated polyolefins, and 

30 conibinations thereof. 
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'n.e membrane of any of claims 9-13. further 
comprising a hydrophilic compound such that the surface 
of said membrane is hydrophilic. 

15 The membrane of any of claims 1.2, and 9-14, 
Wherein said cellulose compound is in admixture with said 
polymer solids. 

16. The membrane of any of claims 1, 2, and 9-14. 
wherein said cellulose compound is a coating on the 
surface of said membrane and in admixture with saxd 
polymer solids. 

1, A membrane comprising (a) p°ly«r solids 
co^rising 60 «t.* or .ore o£ a fully synthetic organic 
poly^r ana optionally a.ont 40 „t.% or less of a pol^r 
of natural origin and <b, a cellulose compound, wherexn 
said cellulose expound is in admixture with said polymer 
solids . 

18 A method of preparing a membrane comprising (a) 
selecting a base menO^rane comprising polymer solids, saxd 
polymer solids comprising 60 wt.% or more of a fully 
synthetic organic polymer and optionally about 40 wt.% or 
less of a polymer of natural origin, and (b) uniformly 
coating said base membrane with a coating solution, saxd 
coating solution comprising a cellulose compound which 
allows for the detection of a biological molecule of 
interest and a cellulose dissolving agent whxch xs a 
solvent for said cellulose compound and is a non-solvent 
for said base membrane, to provide a membrane wherexn 
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said cellulose compound is uniformly distributed 
throughout the surface of said membrane. 

19 The method of claim 18, wherein said polymer 
solids comprise 80 wt.% or more of a fully synthetic 
organic polymer and optionally about 20 wt.% or less of a 
polymer of natural origin. 

20. The method of claim 19, wherein said cellulose 
10 compound is nitrocellulose. 

21. The method of claim 20, wherein said membrane 
has a pore rating of about 0.1-20 nm. 

,5 22 The method of any of claims 18-21, wherein said 

coating solution further comprises a hydrophilic compound 
such that the surface of said membrane is hydrophilxc. 

23 The method of claim 18, wherein said cellulose 
20 compound is a blend of nitrocellulose and a cellulose 

derivative selected from the group consisting of an ether 
derivative of cellulose, an ester derivative of 
cellulose, a xanthate derivative of cellulose, and 
combinations thereof. 

24 The method of claim 23, wherein said ether 
derivative of cellulose is selected from the group 
consisting of methylcellulose, carboxylated alkyl 
cellulose, and hydroxyalkylcellulose, said ester 
derivative of cellulose is cellulose acetate, and sa.d 
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xanthate derivative of cellulose is selected fro. the 
group consisting of rayon, cellophane, and viscose. 

25. The method of claim 24, wherein said 
5 hydroxyalkylcellulose is hydroxypropylcellulose . 

26 The method of claim 23, wherein said fully 
synthetic organic polymer is selected from the group 
consisting of polyethersulf one, polysulfone, polyamide, 
10 polyolefin, polyimide, polyvinylidenef luoride, and 

combinations thereof. 

27 The method of any of claims 23-26, wherein said 
coating solution further comprises a hydrophilic compound 

X5 such' that the surface of said membrane is hydrophil.c. 

28 A method of preparing a membrane comprising (a) 
admixing (i) polymer solids comprising 60 wt.% or more of 
a fully synthetic organic polymer and optionally about 40 

20 wt % or less of a polymer of natural origin and (i.) a 

cellulose compound, and (b) casting the admixture of step 
(a) to prepare a membrane wherein said cellulose compound 
is uniformly distributed throughout the surface of saxd 
membrane . 



25 



29 The method of claim 28, wherein said polymer 
solids comprise 80 wt.% or more of a fully synthetic 
organic polymer and optionally about 20 wt.% or less of a 
polymer of natural origin. 
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30. The method of claim 29, wherein said cellulose 
compound is nitrocellulose. 

31. The method of claim 30, wherein said membrane 
5 has a pore rating of about 0.1-20 Mm. 

32. The method of any of claims 28-31, wherein the 
surface of said membrane is hydrophilic. 

33. The method of claim 28, wherein said cellulose 
compound is selected from the group consisting of 
nitrocellulose, an ether derivative of cellulose, an 
ester derivative of cellulose, a xanthate derivative of 
cellulose, and combinations thereof. 

34. The method of claim 33, wherein said ether 
derivative of cellulose is selected from the group 
consisting of methylcellulose, carboxylated alkyl 
cellulose, and hydroxyalkylcellulose, said ester 
20 derivative of cellulose is cellulose acetate, and said 
xanthate derivative of cellulose is selected from the 
group consisting of rayon, cellophane, and viscose. 

35. The method of claim 34, wherein said 
25 hydroxyalkylcellulose is hydroxypropylcellulose . 

36 The method of claim 28. wherein said fully 
synthetic organic polymer is selected from the group 
consisting of polyethersulf one, polysulfone, polyamide, 
30 polyolefin, polyimide, polyvinylidenef luoride, and 

coTnbinations thereof. 
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3,. The method o£ .ny of claims 33-36, wherein the 
surface of said membrane is hydrophilic. 

3B K method o£ using the membrane o£ any ot claims 
1-17 to detect a biological molecule of interest 
conprising (a) contacting said me,^rane with a fluid 
coo^rising said biological molecule of interest and ,b, 
detecting said biological molecule of interest on sa^d 
membrane . 

39. An immunodiagnostic assay kit comprising the 

, • 1 T7 and a means for detecting 
membrane of any of claims 1-17 and a mean 

a biological molecule of interest. 

40. A blotting assay kit comprising the membrane of 
any of claims 1-17 and a blotting solution. 
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CI. 

# 


Dep. 
on 


Limitation 


Kraus 7/98 
US 5,783,094 


Onodera 4/95 
US 5,406,581 




1 




A filter comprising 


Abs 


Abs 








Housing with inlet, outlet and 
flow path in between 


Ex 24 


Abs 








Filter in housing, comprising 


Ex 24 


Abs 








First: Porous fibrous leukocyte 
depletion medium 


3(40-63) 


4(12-23) 








with CWST 70 dynes/cm 




17(38-68) 








Second: Porous membrane 5 
microns or less pore size, down - 
stream of first 


3(40-63) 


[Col 20] 

[no first and 2"^] 








Plasma pass thru, leukocyte 
filtered. 


Working 
examples 


Working 
examples 21-23 




2 





Same as 1 except: first also red 
cell barrier 




—col 20 obv 




3 


1 


Same as 2 (duplicate) 


XX 


Xx 




4 




First element comprises 
meltblown 




15(54-63) 




5 





First element at least two layers 


Working 
examples 


Ex 21 




6 




First has CWST at least 90 




17(53-68) 




7 




Includes no more than one 
membrane 


3(40-46) 


4(23-48) 




8 




Filter arranged to substantially 
prevent RBC thru 




Obv Col 20 




9 


1 


System for 

processing.xomprising.. device in 
claim 1 and 




65(29-48) 








First and second container 
suitable for blood, device 
between them 




Do 




10 


- 


Method for processing 
...comprising.. 


Working ex 


Ex 21 








Passing plasma thru filter device 
comprising 


Do 


Do 








Filter including fibrous leuko 
depletion medium and 
membrane 


Working 
examples 










Collecting filtered plasma free of 
luk 


Do 


Do 




11 




Same as 10 except .. rbc barrier 




4(24-48) 
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instead of luk depletion 








12 




Method comprising.. 


Yes 










Processing a biological fluid with 
supematent layer comprising 
plasma-luk; sediment layer with 
RBC 


Working 
examples 


Ex 21 








Passing luk rich thru filter having 
luk-deplerion fiber medium and 
mmb 


Do 


Do 








Collecting filtered plasma rich 
fluid firee of PIBC and luk 




Do 




13 


1 

(12) 


METHOD of claim 1 where 

. . .fluid comprises luk and platelet 

depleted bio fluid . 




- Obv 




14 




Method comprising 


Yes 










Depleting luk and platelet firom 
rbc containing fluid 




Do 








Processing . . . depleted to 
supernatent . . . and sediment . . . 




Do 








Supernatent thru filter - depletes 
luk and prevents rbc. 


— 


Do (no mmb - 
obv) 








L^ollectmg rbc and luk free 
plasma 








17 


1 


2"" ..mmb.. comprises... pore size 
0.3-3 mic 


3(47-52) 


Col 20 




18 


7 


Duplicate of 17 


XX 


Xx 




19 


3 


2"'. .0.3 -3 mic 


3(47-52) 


Col 20 




20 




Similar to 1 


XX 


Xx 





